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The U . S .  Geolog ica l  Survey (U.S.G.S.) a c q u i r e d  a i r b o r n e  Thermal 
I n f r a r e d  M u l t i s p e c t r a l  Scanner (TIMS) images over  s e v e r a l  d i sseminated  
go ld  d e p o s i t s  i n  n o r t h e r n  Nevada i n  1983. The aerial  su rveys  were 
f lown t o  de te rmine  whether  TIMS d a t a  could  d e p i c t  j a s p e r o i d s  
( s i l i c e o u s  replacement bod ie s )  a s s o c i a t e d  wi th  t h e  go ld  d e p o s i t s .  TIIlS 
d a t a  were c o l l e c t e d  over  t h e  Pinson and G e t c h e l l  Mines i n  t h e  Osgood 
Mountains,  the  C a r l i n ,  Naggie Creek, Boo t s t r ap  and o t h e r  mines i n  t h e  
Tuscarora  Mountains, and t h e  Je r r i t t  Canyon Mine i n  t h e  Independence 
14ountains. The Osgood Mountain sites were f lown by t h e  N a t i o n a l  Space 
Technology Laboratory (N.S.T.L.) on mid-morning of 27 August a t  a n  
a l t i t u d e  of 9150 m; no cloud cover  w a s  p r e s e n t .  

The sediment-hosted d isseminated  go ld  d e p o s i t s  are a major 
r e source  f o r  t h e  p roduc t ion  of go ld  i n  t h e  United States.  Gold is  
d isseminated  throughout  t h e  h o s t  rocks i n  submicroscopic  particles,  
g e n e r a l l y  less than  5 micrometers (0.005 m) i n  s i z e .  The 
sediment-hosted d e p o s i t s  are thought  t o  be low-temperature 
replacement-type d e p o s i t s ,  i n  which hydrothermal  f l u i d s  d i s s o l v e  
ca rbona te  minera ls  and i n  t h e i r  p l a c e  p r e c i p i t a t e  q u a r t z  and 
f ine-gra ined  gold.  P rospec t ing  f o r  t h e  d e p o s i t s  is based on 
geochemical sampling t o  d e t e c t  anomalous c o n c e n t r a t i o n s  of go ld ,  
mercury, a r s e n i c ,  antimony, tungs ten ,  and tha l l ium.  L i t t l e  o r  no 
ev idence  f o r  a l t e r a t i o n  i s  p r e s e n t  on t h e  s u r f a c e  i n  t h e s e  d e p o s i t s ;  
hence t h e  d e p o s i t s  are r e f e r r e d  t o  as i n v i s i b l e  go ld ,  "no-see-em" 
go ld ,  o r  bulk-mineable go ld  depos i t s .  This  l a c k  of obvious s u r f a c e  
a l t e r a t i o n  i n  t h e  h o s t  rocks makes d e t e c t i o n  of d i s semina ted  gold  
d e p o s i t s  a cha l l enge  f o r  remote-sensing technology. 

A comparison of f i v e  iuajor go ld  d e p o s i t s  i n  t h e  wes te rn  United 
S t a t e s  (Car l in ,  Cor tez ,  G e t c h e l l ,  Je r r i t t  Canyon, and Pinson)  
i n d i c a t e s  e i g h t  geo log ic  c h a r a c t e r i s t i c s  t h a t  may be  d e t e c t a b l e  a t  t h e  
s u r f a c e  by d i f f e r e n t  renote-sensing techniques .  These c h a r a c t e r i s t i c s  
i nc lude :  1) s i l i c i f i c a t i o n  of t h e  h o s t  l imes tones  t o  j a s p e r o i d s ,  
c h a r a c t e r i z e d  by t h e  S i - 0  band nea r  9.3 micrometers ;  2 )  l imes tone  hos t  
rocks ,  c h a r a c t e r i z e d  by a r e l a t i v e l y  f l a t  response  between 8 and 12 
micrometers ,  except  f o r  a s h a r p  band a t  11.5 micrometers ;  3) o r g a n i c  
matter, which is  opaque i n  t h e  nea r  i n f r a r e d ,  bu t  may appear  
t r a n s p a r e n t  i n  t h e  thermal  i n f r a r e d ;  4 )  a r g i l l i c / p h y l l i c  a l t e r a t i o n  
c h a r a c t e r i z e d  by s e v e r a l  v i b r a t i o n a l  f e a t u r e s  between 8 and 14 
micrometers ;  5 )  i n t r u s i v e  rocks ,  c h a r a c t e r i z e d  by a s h i f t  i n  t h e  Si-0 
fundamental  toward longe r  wavelenths  w i t h  i n c r e a s i n g  mafic  
composi t ion;  6 )  calc-sil icate mine ra l s  p o s s i b l y  c h a r a c t e r i z e d  by 
d i f f e r e n t  s t r u c t u r e  of t h e  bands n e a r  10.8 micrometers ;  7) ho t -spr ing  
d e p o s i t s  which are n o t  d i r e c t l y  r e l a t e d  t o  t h e  d i s semina ted  gold  
d e p o s i t s  but  show spectral  c h a r a c t e r i s t i c s  a t  t h e  s u r f a c e  r e l a t e d  t o  
hydrothermal a l t e r a t i o n  a t  depth ;  and 8) s t r u c t u r a l  f e a t u r e s  
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i n t e r p r e t e d  by p h o t o - i n t e r p r e t a t i o n ,  which have an  impor tan t  e f f e c t  on 
l o c a l i z i n g  t h e  m i n e r a l i z a t i o n  i n  t h e  d isseminated  gold  depos i t s .  

TIMS d a t a  of t h e  Osgood Mountains showed a h igh  degree of 
c o r r e l a t i o n  f o r  t h e  6 spectral  bands between 8 t o  12 micrometers.  
C o r r e l a t i o n  c o e f f i c i e n t s  were 0.99. In te rband c o r r e l a t i o n  w a s  removed 
by t h e  fo l lowing  s t e p s :  1 )  a p r i n c i p a l  component (PC) r o t a t i o n ,  2 )  a 
h is togram norma l i za t ion ,  3) low-pass f i l t e r i n g  of t h e  lower PC 
components, and 4 )  t h e  i n v e r s e  PC r o t a t i o n .  The e f f e c t  of t h e  
t r ans fo rma t ion  on t h e  his tograms was t o  g r e a t l y  exaggera te  small 
d i f f e r e n c e s  observed i n  t h e  o r i g i n a l  and i n t e r m e d i a t e  PC d a t a .  I n  t h e  
image d a t a ,  TIMS channel  2 (8.6-8.9 micrometers) is d ip l ayed  as r e d ,  
channel  3 (9.0-9.4 micrometers) a s  green,  and channel  5 (10.3-11.1 
micrometers)  as b lue .  

S i l i c i f i c a t i o n  is t h e  p r i u a r y  geologic  c h a r a c t e r i s t i c  dep ic t ed  by 
TIMS. S ix  types  s i l i c a - e n r i c h e d  a r e a s  are observed on t h e  TIMS image: 

1) P r i m a r y  d e p o s i t i o n  - Osgood Mountain Q u a r t z i t e  
2)  Diagenes is  - C h e r t i f i c a t i o n  of l imes tone  
3) Quartz-vein emplacement - Metamorphic and s t r u c t u r a l  
v e i n s  
4 )  J a s p e r o i d  format ion  - Si l i ceous  replacement of l imes tones  
5) Geomorphic d e p o s i t i o n  - Quartz-r ich a l l u v i a l  f a n s  and 
dune sand 
6 )  C u l t u r a l  a r t i f a c t s  - Mine t a i l i n g s  

Most of t h e s e  f e a t u r e s  have d i s t i n c t i v e  morphologies. The l a r g e r  
f e a t u r e s ,  such as t h e  Osgood Mountain Q u a r t z i t e  and t h e  mine t a i l i n g s ,  
could  be  d i sc r imina ted  on t h e  TINS inage. The smaller f e a t u r e s ,  such 
as t h e  j a s p e r o i d s  and t h e  c h e r t i f i e d  l imes tones ,  could n o t  be 
adequa te ly  d i s c r i m i n a t e d  a t  t h e  25-m r e s o l u t i o n  of t h e  f l i g h t .  Densi ty  
c o n t r a s t s  among t h e s e  d i f f e r e n t  forms of s i l i c i f i c a t i o n  may make 
thermal  i n e r t i a  a u s e f u l  technique i n  d e l i n e a t i n g  t h e s e  s i l i ca-  
en r i ched  u n i t s .  

The in te rbedded  c las t ic  and ca rbona te  rocks of t h e  P r e b l e  
Formation, a p r i m a r y  h o s t  rock f o r  t h e  d isseminated  gold d e p o s i t s  i n  
t h e  Osgood Mountains, appear  t o  have s i l i c a  con ten t  i n t e r m e d i a t e  
between t h e  q u a r t z i t e s  and t h e  purer  ca rbona te  rocks .  Some u n i t s  t h a t  
c o n t a i n  both s i l i c e o u s  s h a l e s  and c h e r t  beds resemble t h e  more 
s i l i c e o u s  u n i t s  because of p r e f e r e n t i a l  r e s i s t a n c e  of q u a r t z  t o  
weather ing.  A prev ious ly  unmapped exposure of P reb le  Formation i n  a 
v u l c a ~ ~ i c  area was clear ly  s i i u w i i  uti t h e  TIMS data. _-  - 

The l a r g e  i n t r u s i v e  p l u t o n s  of t h e  Osgood Mountain are r e a d i l y  
seen  on t h e  TIMS image, bu t  s u a l l e r  c r o s s - c u t t i n g  d i k e s  are no t  
reso lved .  Var i a t ions  w i t h i n  t h e  image a p p e a r  t o  correspond t o  a p l i t e  
d ikes  and q u a r t z  v e i n s  w i t h i n  the pluton.  Calc-silicate a l t e r a t i o n  
a d j a c e n t  t o  t h e  i n t r u s i v e  bodies ,  a former sou rce  of t ungs t en ,  i s  a l s o  
seen  i n  t h e  TIHS image and can  be d i s t i n g u i s h e d  from t h e  more 
s i l i c e o u s  a l t e r a t i o n  a s s o c i a t e d  w i t h  t h e  d isseminated  gold  d e p o s i t s .  
Two younger b a s a l t  f lows ,  mapped as t h e  sane u n i t  on t h e  geo log ic  map, 
can  be  d i s t i n g u i s h e d  on t h e  image. Since X-ray and chemical  d a t a  of 
t h e  two f lows are s i m i l a r ,  d i f f e r e n c e s  i n  s u r f a c e  roughness r a t h e r  
than  composi t ion may cause  t h e  d i s t i n c t i v e  c o l o r s  on t h e  image. 
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Severa l  l i n e a r  f e a t u r e s  are observed on t h e  TIMS d a t a  as a 
combination of geomorphic f e a t u r e s  and t o n a l  a l ignments .  One l i n e a r  
f e a t u r e  w a s  mapped i n  t h e  a l luv ium east of t h e  G e t c h e l l  Mine. It 
cor responds  t o  a s t r u c t u r e  mapped by a r e c e n t  U.S.G.S. t e l l u r i c  survey  
t h a t  has  e l e c t r i c a l  p r o p e r t i e s  similar t o  t h e  G e t c h e l l  f a u l t ,  t h e  main 
zone of m i n e r a l i z a t i o n  a t  t h e  G e t c h e l l  mine. 

TIMS data seem t o  be  a u s e f u l  supplement t o  conven t iona l  
geochemical e x p l o r a t i o n  f o r  d i sseminated  gold  d e p o s i t s  i n  t h e  wes te rn  
United S ta t e s .  S i l i c e o u s  ou tc rops  are r e a d i l y  s e p a r a b l e  n t h e  TIMS 
image from o t h e r  t ypes  of h o s t  rocks. D i f f e r e n t  forms of 
s i l i c i f i c a t i o n  a r e  n o t  r e a d i l y  s e p a r a b l e ,  y e t ,  due t o  l i m i t a t i o n s  of 
spa t i a l  r e s o l u t i o n  and spec t ra l  dynamic range. F e a t u r e s  a s s o c i a t e d  
wi th  t h e  d isseminated  gold  d e p o s i t s ,  such as t h e  l a r g e  i n t r u s i v e  
bod ies  and f a u l t  s t r u c t u r e s ,  are a l s o  r e s o l v a b l e  on TIMS da ta .  
I n c l u s i o n  of h igh - re so lu t ion  thermal  i n e r t i a  d a t a  would be  a u s e f u l  
supplement t o  t h e  TIMS d a t a .  
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